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SMARTER RADIATION MONITORS FOR SAFEGUAF?5S AND SECURITY*

P.E. Fehlau, J. C. Pratt, and J.T. Markln
La Alnmos Natlonn.1 Laboratory, Ian Alhmoa, Now Mexloo

T. 9curry, Jr.
TSA Systems, Inc., Boulder, Colorado

AEE3TRACT

Nnclintbn monitors for nuc]enr snfegunrds nnd
security rlcpenri on Intcrrml control rlrf2ult~ to
determine when cllverslon of speclnl nuclear mnterinls
is tnklng plnce. Lnrly monitors depended on nnnloR
uireuits for this purposq subsequently, dl~ltnl IOKIC
controllers mndc better monltorln~ methods possible,

Now, versntllc mlcropromvmor svstems prrmlt new,
more cfflclent, nncl inure uscf IIl monitoring melhocls,
rlne surh mcthorl Is slmplc stepwlse monltorln& whleh
hns vnrinblr nlnrm Ievols to cxprdlto mnnltorlng whcr~
extrndod mon~toring prrlorh nm? requlrcd, Anotbor
melhod, sglenllnl yobnblll(y rntl ~ 10u Ic, te~tn dntn ns
It nccurnulates ngn ns! two hypolhrm=n-hnckgrmind, or
hnckgro~lnrl p]u!+ n trnnslent rllvernlon sl~nnknl)rl

terminates monitoring ns noon as n doal~lon can he
m~do that meets fnlce-alarm and dqtectlon aonflctnnce
rnqulrements. A thlrrl method,

q:’:: [:’v:f m;~#:r’;:for personnel, cnlcu18tes coun
Iow-?ncrzv gnmmn-rny reRlnns to predict whether tlls!
mntorin’ dolcctad Is n smnll qunntlty of bnrc mntorlnl

or n lnr~rr qlmntlty of nhlolrlod mnterlml, [n nrlrlltlon,
m Icroprocomor ~ystem nuhpr~rnmn ean nnnlnt In
dotertor callhrntlon and trouble-sllootlnRi Examples of
Nllhproflrnmn nre n vnrlnrme annlyclo technlqm, to sot
hlns Ieveln In p)nstlr nclntlllnlors nnrt n ntnt~-,~f-.h~nltl~
rrmtlnr for rletswtlnfl m.nlfunctlonn In r!lullnl plrrlilt
cnmpnnentsi

INTRODUCTION

rnonllorln~ pcrformnrwe or nld III callbrntlon and

trouhl+shoolln~. Two exnmples of well-established

dlgitnl methods nre a sliding Interval scaler’ that
matches n count Interval to n transient-lgnal time

profllp nnd an S-fold scnlor thnt measures the time
Intcrvnl bclween groups of S rleiectecl events to rapldlv

detect trnrmlen(s III Iow-lntenslty neutron slgnnls.z
Mor# recently, microprocessor decision logic based on
scquontlhl prohablllty rntlu testing hns shortened
wnltln~ times In monitors that req(ilre fixed count

Intorvnls. In n q nntltntlve rnrtln!lon monltrm for
Ynuclodr snfc~mrds,’ sequential teslln~ reduced the

nvcrn~e wnltlng tlm~ from 3 to 0.7 s. Two cxnmplcs of
slntc-of-honlth functlrmrn Ihnt cnn bc carried out by
mlcroprocmmor controllers are slntlstlcal veriflcn!lol(
of input dn(nd~s nnr! elrcult-component self Innts.

The baolo tatks of monitor aontrol olroultm Iacludc
rnctlntlon mstanurementn to rtntermlne declalrm IOCIC
pnrnm~ters or to detect trnnnlent nlgnalal other tnaks
Irk?ntlfy hnckuround perlocln, monitoring periods, and
proper or Impropor m(mltor operntlon, A Ilnl of

Inrllvlrlunl tanka follows,

● Delermlrm the mtnte of health of the @lcw-

*ronlc clrcult eomponanl~o

● Pnrrorm stntln(lcnl nnnlynls Of rndl~tlfsn doleP-
tnr rtntn,

● I)etrrmlnp wholhor tbn monltnr In nvmIplcd nr
1101,

● r)otarmlno a Imokgrmll I rmllatlon I@vel nnd
wllnthnr It Irn wltblfl nporntlorml llmltnm



will be stflt Lstical error in both Intensity memiurements

(Ilowever, we usually try to make the statistical error
in background negligible). Thus, n typical method—

digital, for exnmple+ompflres the monitoring count to
the background count plus nn increment, The Incre

rncnt i3 impimtfifii ‘uL12HUSe it esttIblislle S Luth the
detection sensltlvlty rtnd the false-alarm rate.

Choosing R to represent the expected backKrounrl count
d\lrinK B monitoring Interval and A to represent the

alarm level, three exnmples of nlarm levels nre

A=n+K,

A=R+[~*ll,

A .= R + N(i_i)O’5 ,

The first nlnrm-lcvrl cxm IIplc, from n personnel
lnonilor nl thr CInh Ridl{c/Y-l 2 I;lant, simply nriris n

[Ixc(l increment to the bnck~!rollndi Tbc scconrl cxriln-
plc is foIInfl in qome lmnd-held monilors. The fnctor F
is II frnctlml, typlcnlly 0.30 or 0.40. [n the third
exnmplc, nlso for n personnel monitor, the Incromant Iq
rII: Integrril multlple, N O( tho ~tandnrd dcvlatlon, IY, of
the rxpectod hnckgroilnrl count, the squaro root of R.
‘1’hcso axnmples nll opcrnte In tllo snma wny: n rrlonl-
torin~ rount Is compnrm-t to tile VRIUC A nnri If the
Inooltoring count exccods A nn nlrirm sound%

Erich ~nethrrl of cnlclllnt!n~ nn nlnrm Ievol rnn he
II IH(IP tn hnvc the snrno rnls~nlnrm rnte nnd rh?l-etlon
rien~it~vlly IIS the other molhods nt ono tnrk~rmlnr!
lntennltv, Then n monitor Imlng any ono of the nlnrm-
Iavel ernnmplas wIII perform the mm. as It wnulrt with
nnv other exnmpla, However, as the background
Inlwlnlty rhnnges, th~ hehnvlor of n monitor WIII cllff~r
with enoh nlarm exnlnplo. Thn first exnmple hms
con~lnnt (lute c[lon s~nsltlvl(y hecnune K In flxodl
l~owover, (IICI false-nlnrm rate Incrcnnes with !>ack-
Rround Intorwltyi The ~econct exrtmpl~ wIII rloerense
both Itn d~tecllorl rnennlllvlly ~nrt Its fnln-ninrm rnte

nt hiRllor Imckb!rnllnrtrn, Tho rohsnn Is Ihnt the lnrre-
Inenl F “ H bocomem n Inrger qimotlty, thurn rkrennlng

SOnnlll Vltyl as H !nerennen, r70rrenponctlnRly, tho f@lno-
nlnrm rnl~ r!nrrenses 17ncnunci P ● rl In Inruer rqlatlv~ to

tile ntnndnrd dnvlntlon, On thn othnr band, In tho third
nxnm~l~, thn fslao+larm rnte romnlns unohnntrad mnrl
thn n“eneltlvlty dooremsoo, hut not n- rnuoh, n;
wrnlll~rt Innroasao,

CO NTWOL ClltCUITtl FROM THB PAST DECADE

An AImlru Method

FAST

A}lALo~ w.~
INPUT

1’

A~ARM
OUTPUT

COMPARE

=

SLOW =

Flu. 1,
‘1’h:~ nnnlou Irnnslrnt-alr lcrlior) melhnil mnkes use of the
(Ilffrrcnl tlmr rrspnnso in pnrnllrl r.lrcullq. In prrsonnn! door

Unv monllorg I}1O Ilme constnnln nr~ nhrmt 20 n for Ihc
hnrkgrnund clrcult nnd 11,4~ for Ih- mcmllorinu clrcul[.

Such n mnnlinl ndjustmont proreclure Is n rtrnwback

to nnnlog monitoring clrcults. Hecnusc Ihree sopnrntc
compnrlson rlrcults nrc needed for monlturlng and

hnck Rrnlmd llml~ tests, thr?e nepnrnt~ Series of
obsorvntlon nnd nrt]uslrnont nre necesnnry, hlnjor

chnngo~ in background rnnke It necemnry’ to chanfle
rata meter scales and repeat the entire rnorlern of

adjustments. Minor ohan~~s In btiokground oan ln-
fluenoa the dataotlon sonsltlvlty and ~mlsealarm Fatel
th~se pnramoters Incrensr or dao. easo with tile
eorrenpondlnu bnokground climge unle~s the rnonltorlng
pntentlomnter In renrljuntod, froth background nnrl

monltorlnR olroults opornt,l continuously, Contlnuouo

nbernt Ion and n propor)y ohoeen t I me aonstant for the
monllorln@ clrcult enmirm that the monitor will det~rt
nn npttmutn portion of 4 trnnslant nlgnnl. Although an
occupanoy monitor In not nec?ssary for th I deteatlon
elrculll It rloen Inhlblt announclnR falae u lrms thnt
tnka nlnce when the monitor In unoocupl, +, Tho

nnaloK method. II ctlll available in nome Nh ‘real
Nuclomr Corp. doorway monitors and Is mora fully
desorlbed In Ref. (I,

Olldlng-lntorval Smler

The alldlnK-intel VI I aonlar Is a rllgltal tdahnlquo

tlmt, FIS wl!h nll (lIultnl twhnlrlimm, hnn two Immedlntrr
fi(lvnnlnues, Onr Is thll no nrnnltlvlty nr fnlsr-nlnrm
(.nlil)rntloll Imwmhlrm Is nrmbfl, ‘1’lw ntlmr lx thnt
bnok~rnutwl mId mnn(fnrlllu Intmml(lon rnn INI monwlrml
hv OI1O *PI nf Ildr[lvnrel nll nrvltlmllcy R@llIIOr fteler-

IIIlm W WIII VII monsurotllmllt lx Iln(lor wnv. ‘1’llr nllvnlltn Ko

[Iml nrr$rlirx from tl)~ OW’llIIIIIIPy w+nnnr Is thnl Imlthrr
sourro l)nmqn~o ,Ior Illlmti+ln~ In tlw mrml!or will
contnllllnntp n bnok~rnllll(l nlmn~lirolnont, whlcl~ ltike~

plnrF only WI1OII ttm monltrm IrnUIIOPCIIDIIVI,

Ill ,~tv,trrnqt to Ille slllklr-llltr=rvnl lml ~lr ,Irllm{l Iii

tllf, llllr(]thl(,[l~~ll, tllo ~ll~ltnl xll,llt\K-, illrrvnl lI~VtIIIhIIIO~
(llvlIIIJ~ n 1,1111111111~-n IIlr Itltorvnl 11111) sIIIIIIIII rvnls IillIl



compnres ihe monitoring count to the blarm level each

time 8 new sublnlerval is accumulated. For instrince,
dividing a l-s count interval into (our subintervals

(Fig. 2) l~ads to comparing the sum of four subintewnls
four times each second, As each new 0.25-s subintsrval
;s :~~tim;;!fit~d, th= =:d:~i Gti= is di~tfii;ded. TIIi~
melhod requires n sllghtly larger nlarm increment ;O

rcrlucc the fnlse-nlarm probnblllty becnuse four times
ns mnny comparisons arc m~de. }Iowever, when the

lrrhnique can closely brnckrt a time-varying trnnsient
siGnnl-for exflmple, ill n wiilklhrough personnel

monitor—the ‘ncrease in drtccted slgnnl more than
offsets the incrensc in the alarm Increment. The

slirling-intervstl technique for rnrliation monitors WPS

rlrviserl hy C. N. henry of Los Alnmos and is sirnilrir to
the movitig-nvernge method of stock market annlysls.
The technique hn.q t-men used in n personnel portnl

monitor,l 8 vehicle portnl monitor,’ and l! n hnnd-

helcl monitor avnilable from TSA Sy~lem.q, Inc.

S-Fold Lqic

Another technique devised by r. N. Henry lmple-
nlents n sugpystlon of R. D. Evann for detecllng
trnnsirnts In very Iow-lntermlty counters nuch ns
nou[ron r!ctortorsm The lechniqllr Is cnlled the S-fold
mctl]orl, nftrr lhr nnnlvsls of pulse coun(ll~ with n

!l .pt)~ rlr~llltz (FIK. ~) ‘Isesp,wwnlv frtc(or S hy [lvnnsm
I)nrk;:rnllnrl rvrntg prpsrnlcd l~y S for Ionp-lrrm nrl-

IIISl IIICnt of n rlrmk pi]lsr rntr, III t+r shnrt lornl,
prcscnlrlt Inpllt rvrtlts nlso row-l n wnlor (hnl enllnt,q
LIIP rl,>rk [NIISOS. TIIIM, Ihr syslem hns n hgrk~rnll!lrl-
nrt]ustcd Ilmcr to mcnsure lhP elnpsml tlmn ht=:weon S
cvm Its. Hy measurlnfl a cormtnnt nv~rnza number of
sonlsr oounts at nll baokRrollnds, a slnglc @lnrm Isvcl
can h~ uwd, Tha alnrm Isvol Is detmmlned from
Polsrnon ntntlntlcs to give the rgqulracl fnln-nlnrln rnte
nnrl, In thin Irmtnrmo, nn nlk; m ocouro when tll~
monltnrlng count Is lots thnn the alnrm Ioval. ‘Thn
ntrnn R point of thin metho,’ ~ thnt It han no fixer! or
subr!lvlrlnd time interval, ‘I ~e d~alslon froquarmy In

:.,
I SA Syntoma, Inc., floulclnr, Colorado,
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Fifl, 3.
The s- folri technl,lur measure, the llme Inlervml h~~w~~n uroup~
01 S voul,t~. A hnckgrounri nrt]mtm?nt 10 the clwk rate makes II
po%~lbl~ 10 use Ihr snmr nlarm Irvrl for nll hnckgrounrt Inlenslll@s.

determined hy the frequency of Incoming even~w thus,
n Irnrwlent Is tracked nnd rfetrrcted whenever It appenrs

ns wns the case In the nnelog n:elhod. t% the othrr
hnnrl, flxcd-lntervnl r!ountlng requires long counting
Irttervnls nt low count rntes so that when n trans!ent
nppemrs, th!lre mny he a ronsllcrsible delny before the
Intcrvnl Is rrmplrtmlnndnrt nlnrm sounds.

NEW TECIINIQUES FOR MICROPROCESSOR SYSTEMS

Stepwl~e Monltorlng

‘l’ho olcpwlm method la an olomontary msmm to

shorten tho monltorln~ time In monitors that roqulro a
person or vshlcla to ramnln ntatlonary during ●

monitoring pnrlod. The monitoring time Intervnl la
dlvlded Into a fow msblntarvals, whlah ●rc cuoumulatod

mIrl tested until @ doalnlon Is rcachod, Th@ dlffaranaa
hetwaan this and the alldln~lntorval teohnlqu. 10 thnt
three dlffermt countlnfi tlmon with dllfaront alarm
Irnveln hre Involved (Fig. 4). We npplled thin mrnthod (o
VPIIICIO monltnrlnR In n romfhec! monl[or (hnt formerly
eeqlllrad n 50-M monltorl~~ pOrl Od, ‘The stepwlse
onn~,,~ller 119,,[1 20-WlonU nllhlntprvnln nnrl hart n thr@@-
~lrp nlol]!torlnK procmlurem

1. Teat (he flrrnt 20-n oount arnlnat n ’23 alarm
IOVPI, ‘rarmlnnt~ monltorln~ or, In eaaa of an ~larm, Fo
on tu atsp 2,
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rlK. 4,
s!rpwllr mnnllnrlnfl pprmlls most drrl~lonx Ic I)r mnrle rl[mit!g lhp
flrfl, b Ir!tervnl. Fnr the 2.3% OF w rrrrn~lon~ Ihnt n fnlw nltirrr
nrru-q In !IIP rirsl Inlcrval, tc~llnfl ronlln!lps throu@) .%7rind, 1(
nerrwnrv, 40 lnlrrvnl~ unlll n flnnl rloel~lnn rnn he made,

nil hut 2.:1% rrf 111P normnl trnfflc to depnrt while
rirtnlnlng only R few vahlcles for additional counting

Intorvnls, Thun, the monitoring delay !s much lasu
notlcenblo ~omparod to wa!!lnu RO & for Q rleclolon,
‘rhe few vehlclan that experience false clnrms nnd
lon~cr monllo):lnu times nr~ detnlned abaut nrn long rim
nll Irnfrlc hnd previously been det Ined.

1
This method

ii,ns cvnlllnt~d In n rondbed mrrnllor for n short perlorl
or Ilmr, hilt Is t?urrpnt]y helng r~plnced hy Iho next

( r(’lllllqllr, ●m]llcn[llll (Cstlllu, whlt?h nlgo cnn mnkc

qlll,’krr dr.@lsloIIs. ‘IV1O sequcn[lnl technlqllc %Iipplants

11111 q(rpwlsc twhnlqlir hernli~r? Its rl?t?ctlon nnd
I’nlsr-nlnrlrr prrformnneo nrr cnslor 10 Imrilrt nnd do
I101 vnry NS mlmll from one typo fjf monitor to nnother.

Sequantlal Probablllty Ratio Teetlng

‘1’1)1* nnqurmtlal metho(! rnr r 1o11 monltorn
derlvon hom th@ work of A. Wnld f’l’n~,,red(l~m t,l~

nllmher Or nbnervntlorln reqlllrnrt to nrhlevo n rnpeclflml
,1,~ voo cf qlmlitv rontrnl In nlnllilfnc~llrln~, Wnld
i) )1~111,1Ill,, q!.(lltrrlllnl pr(}l)nllllllv rnlln 10s1 [n nrrrmnllv
(1 qlrll)illr~l {l IInlllv v,m!rnl lrlrfl,~llrrlllcllls, 1~111It nly~llrs

!I> w,~ll l,) tllmlmnr roImtlnu stntl~llrs wlmtl)er tll~yho
!’l,l\q(lll(),.llr)rlll~lllv dlllrlt)lllv,!, Annlv~l~ of lllr

Iol!lllll,lll,. ‘(!r 11,0 IIortllnllv t!IylIllultotl nlwllnr rrJllIIlllt~!
IIIIIIIII,IIII!II Is ~mrlivlllnrlv *illll)lo II IJ{, II IINI, llI~s qlnll,l~lr{l

II I~VIUIII III IIm I 110 f.~tllllnle(l NY IIIP wlll~lrr rnrll ,Ir Il. ] 1

A sr(lllr!)tlnl prolmhlllty rntlo trIsl Is n form of
Ilvll(,lllmiq tr<t III Whlrtl 111P ,IlmxtlwI to hr tlorldml Is

wll,lltlrr Ihr (~olints ~llmrrvr{l III otlo nr worr shnrt
.tr,lllll.lllint 1~{)11IIt ll]lt,rvnl~ nr!, rrol,l N fll~lrll}ltlltm ,)f

l,ll,,k~:r,l,lll!l IINVIUK ItIIImI 11(1 IIr rrolll n (ll~lrll)litlnll nf
l,rt,~hl!r,,lill,l IJIII~ h lr~lllqlvlll NIvIlnl willl luonll III, I;n{stl

thresholds, one for background and one for background

plus transient, until a decisiohbackground or back-
ground plus transient—can be made. When no decision

can be made, another measlmement step Is carried aut
and tested-up to a maximum number of steps in

prnrtic~l gi!ug!icms.

The quantity tested ig, for example, the ratio of

thenorrn~lly distributed prob~billty that the obse~
vations are horn n hackgrounkplus-l rar.sient distrl-
hution to the probability that the observations are from
FI hnckgrouncl distribution. After n observations have

been n(arle, the sequential probability ratio is SimPIY
the product of t~,eprobnblllt!~ ratios for each step,

SPRn=(PR]) *(PR2)*. ..(PRn) ,

where each probability rntlo in the expremiun has the
form

~xp
[

-0.5” (Xi- lll)?dz
1

‘“’’T”- “

Thr suhscrlpt I denotes n partlculnr step number IF B

scqucnee, XI Is the observed count nt that step, RI IS
the mean of the background plus tran~lent (to be

determined In n momert), DO the mean of bsckKround
alone, nndcr the COI mon standard devlntlon of the. two

{distrlbutlons, (BO)O’ . At each step, n, of the ueqtlence
IWO teota are made, First, test for SPRn z TA, which
Indicates thst tha counts aro from boukground plus
nlgna~ seoond, test for SPRn ~ TB, whhh Indlaatcsthat
the counts are from baakKround alone. The qunntltlas
TA and TLl are numerlcel declnlon thresholds (defined
h~low), [f neither cnue Im true, the sequence continues
with one more observation, [n practlca, the test
seqlienrn mlmt termlnatc and the teet vnlue.s nre chosen
to mnke that hnppen ur~der rnont clrcumstonces. In
r4~e the ~equwre does not ~e?.nlnnte after n maxlrnum

nurnbrr of stops, a s~pnrnte ~rbltrary or rntlonnl

proww-hlr~cnr, tormlnnte theseqllonce.

Another prsc!tloal matter Is thnt the Iogarlthrn of
the probnhlllty rntlo, zI, is more easily calculated than
the rntlo It@aIf. Succennlvs vnluenof th610gnrlthm

[ 1[Zl= o,n!xl-Fto)%2 - otn(xl - nl)w]

Hrn summed Inntead of multlplylnw the probability
rntlos themxelven, The sum Zn, whl.’k mny ha hlrlhqr
slrnpll fled ror rnlrulnllnn, Is trnterl nvnlnst ttlc
l~nrlthm nf the IIrclslon IIwrsllolds TI1 nnd ‘l’A. Wnkl
glvon us antlmnlrq of (ho thr~nhcdd vmluns In t~rms 0(
thr rl~slrofl rnls~nlnrm Ilrnhnbllltv I!AP nml detoctlrm
l~rolmllllllv I)l)lt’l’ ns fnllow~p

IoK(’I’A) - 10K(l]l )lt’I’/l; Al’) nII{l

I{ M(”I’11)- l,)K[(l -l’l Jl;’I’)/(l-l~A l))] .



The final parameter value, El, must he carefully

chosen to ensure that a decision can be reached in the
time available for monitoring. Our first experience

was a safeguards application in
‘With ‘equential ‘,est!q$
an c;:lchm,ent piai)t, - for which we aerlvecl BI II m
\Vn]dls Bnalysis of the probabl; ity of termination on I

before a given number of steps. Later, as we evalunted

sequential testing for personnel monitors, it became

aPPnrent that B1 could be derived by sinalo~/ to the
alarm level determined in the sliding-interval rnethnd.
In fnct, with our accustomed value of 0.5 for detectim

prohflblllty and 4 for the sliding-interval sigma multi-
plier, the complicated expression we had earlier derived

is equivalent to the analogous method.

C~lcul,qtion O( BI begins with estirr Ig the

appropriate countln~-interv~l length and mr+xlmum
number of subinterv~ls for n slidin~-interval tech-
niq(le, WC IISC the subintervnl Icngth for tile wqucntinl

rrwnt interval. We then express the slirling-intervrrl

increment as a fraction of h~ckground, B, and multiply
tlmt ~rmetion by RO to obtain the sequential incre

ment, Thnt IS,

“1❑ “n+b’)””w”‘o “

C)ur first npp]lcntlon Gf the sequentlnl terhnlquelz

rirmonstrflled thqt, ns Wnlrl hflrl Ietsrncd, the technlqllc
~hn mnke more rnpid rts?clslnns thnn custornnry
nlethods, [n r)ilr cnse, wc mfide u~e of the time savlnK
to ~chlcve 95% probnblllty of detection wherens
~~r~vlously, with n slngldntlrval ~.echnlqun, we

obtnlneda 50% value. A oecond nppllcatlon of the
lsahnlqua was to pcrtonnel rnon!torlng In Q booth thmt
normnlly raqulres a mnnltorln R tlmc of a few moonctt,
In thnt cnrne, we macla n thorou~h Investlgatlon of the
tlmc b~hsivloro We follnd thnt, on the avernRe, n

hnr’kgrmlnrl de:ls, nrr took 22% of the euntolonr. ‘ lm?
wllon hnckgrollnd was renlly present, Fnlse alnr s
opponrorl nt npproxlmntely the predicted frequency. n
\\’llo,I we Introri\!ced trniwlorlt slRnnls near th@ thr~s-

hold of rtetectlon, the nveraKo numbar of steps
I,pprnacl”,ml tll@ mnxlmurn numhrr nllowcd hy th~
t,(lstomnry method, At hlRher trnn~lent Intcnrrlty, n
rl~plrl rteolslnn wns ngnln posnlble. Th@ curve of ~vernge
Rnrllplo rtumlwn (FIK. 5) reflpcts the amolmt of
rountln~ rcquirerl over n hrond rnngs of Inonltorlna

Intmwlty,

u -
w

3 ~4

u
c1<2 -

E L

MONITORNG NTENSITY (COUNTS)

Fig. s.
The averaKe number of samples that the sequential probability
rfitlo Irchnlque t!ne~ to make a declslon Is deter mlntd and plotted

for vnrlous rnd,stion In!ewllles, both below and atwe the
bnckuro,,nd lnI*nslly llC. Tl,e plotted VI JIUQS nre nvernge~ over a

Inrge number of decbion8. lndlvldue; mensuremenl~ show varla-

tlon in the required number of ~tepa, which oceaalonally ranch

the mnxlmum number of ‘teps nllowed nenr 91. W?ll nway from
lhe vnlue RI the technique makes Its declslnn rnpldly.

Quantltatlve Monltorlng

This technique wns evnlunted with sequrntiNl

tests, hut In prlnclple the t~chnique con he used with
any monitoring method. The Idee Is to detect dlverslon

nnd then determlrre whether the alarm was produced by
a small qunntlty of oare materlnl or a larger quantity
of uhlelded mnturlal. The quectlon Is an Important one
In Intcrnatlonal tafoguards monltoro that mrc unt~-
tendad and Iaek f!rat-hnnd lnvoctl~atlon of slarma.
The means to make a ahloldlnq d~tcrmlnatlon IS
nnother of C. N. Ilenr.v’o Irmovationn, a upectrum ratio
te-hnlque. Monltorlng oan be car~led out In any
fnshlon, but two separate regions of the gamme-rey
spectrum are counted and saved whenever an alarm
ncclirs, Pc: exempl~, counts In the normal window and

e separate high-energy region can be compared to
rletermlne n qunllty fnctor thrit In relnted to the
nmount of shloldlng nrolind the detected materlnl.

An exnmple of the qunntltntlve tecllnlque” (Flfl. 0)
Illun Lrnten thet the nmount of ~llleldlng cnn be
estlmnted over 8 ral,~- ‘Jf Rhleldlnfl thlc?knes8. When
the rnpetlal reeponoe of a monitor Is quite uniform and
the meterlal pre-ent In the rnonltorad mrea 10 ● npealfln
type, ● useful eltlme~- If the diverted mms ONI bo
mnrte. Oth@rwlsn, tho trt””mlqlle slrnply rt?t~rmlrres
whrttv r or not the smwer wrm shlelrtml, which In Itself

Is vnlunhlo In formntlnn. For lnl~rnntlrmnl monltorlnK,

extrornely nmnll qunntltl?s of hero materlni mrsy he
(Ilfflolllt to t,!rntlft IH nn Inventory, IWIIPC thr

qunntltntlvo tm-hniquo rnn r!rtcrmlrw whorl ntl lnvw-

Irwv Is worth whllm.

Cnllbretloft entt lhuble+lhmtl~ Aids
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Fig. fl,
Sllle]rmd rp~rtor-u:nde plulonlum hns nn extremely low ~peclrum

ratio when it Is bnre. ShirldlnR Inrrenses 13e rntlo to n Ilmll
Imposed byscnttcred rnd!ntlon from (he shield. The rll~pcrslon or

Vnlurs rrom limited Counllng slatl~tlrs Is narrow ●nO1lKh 1)
cnniwely Irtrnllfy the nmount ,)f slll~lrllng when the type of

shiclrl.?d ‘nn!cr(nl Is known,

Introrhlre rlolspi A vnrlnpce nnnlvz@r4 cnlrulaten the

menn nnrl vnrlnnce of n n~lmher of countlnu nnmples
nnrlrnm~nrcs them. These qlmntltles shnltlrl he nlmnst
identlrnl for mlrl. enr cnlmtlnR. I_,f monns of repented

varlnn~r nnnlvzer nlonsllrer, ~nts, the rllsorlmlnntnr
IPVCI rnn he loworpd to thp lowest p~~slhlp l~vel.

17xccpt for very crJlrl d?tectors, thin technlqlte sets the
dlscrlmlnntor nt the nnme point thnt other m@thnrM
wrullrl plnep It, ht:t It rtne~ so In n r~lntivelv shnrt

porlor!o( tlmpi

Vnrlnrco nnnlvnln 19 nl~o IInerlll In Irlenllfvlng
rlrrlllt mnbl~m~ tl, pt Intrnrtluv nnln~. Annther
vnllmhle [rmlhl+nhrmtlnr .qId Is n ntnt?-of-lwnlth suh-

rmltlnn thnt ●Xrr IIIPn ench time n monitor cmwprs IIIJ,

l“IIP rnuhroutlne ohco!. n nrroronrlnta ~lrrrlllt ●lnmonts to

Irlnnt:fv nf!r! fl*u pronl~mq hs!fore th~ mnnltorlnK
IIrl,l:rnll? t,lkrw rritltrrl, A Ivl!lrnl stnto-nf-hc~llth
l,r!),~i,rlllrn (.llnrks tl, r \toror! prm!rnlnq ))V tnl]Vlll~r n

~llm-k~[ilrl ‘l)~\t It t!loll onlnpnro* tn pt evlm Is vnlltrs tn
irlrllllrv rrnrl-ntll v-lnplnnrv fnlllm, W)e Drrwdllre
~.llr,rkq rnllflnlll-nrr~qq mt-ll\r)rv hv wrltlllr n mcssnKo
t}flrl IIICI1 rIIUfllIIR It htlrk tn drtrrl crrnrs, It chrrk. q tile

(iull,rl \lsr Il fnr (l~trrtor rolllltlll}~, n~nlns~ tile lnlrro-
llr~woq,i{~r ~wt{,i]l rlnvk to rllsllre tllntbotl)nKre?c. A

flfml rhrck lrwk~ for nrl lm?ominK dotnctor .qIgnftl,
I,n,,k ,Jf SIPIIIII 14 ttlo Inngt (.rnn)on fnlltlrr mndrI rtllrlnfi

mrwltnr Itlslnllntlnn: thr llr,-tc~.flllrr Illilnoetlntt,lv rl,IKs

\v(rlrlf~ n- (~lher Ilnr,!wnrr Im hlr=loq thnl :lrrvonl [he
(Iolrr!nr IJl}VItIl frol]l rrnrhlt)p 11111 rnlltr,oller,

‘1’hr vnl Intl)lr nxslqt IIIIr P of v~lrlnl]rr nlmlv~ls mIrl

l)Owrr-111) qint~, -nf-h~nlt h I],nlllltmlnv mnkrq I llo~e

techniques 8n indispensable part of all our recentlv
developed monitors.

SUMMARY

‘l’he capabilities of control electronics for radia-
tion monitors have ~entlv expanded in the pa9t few

yesirs, both in the enhetnced performance of the

electronics themselves and In new t~chniques that
refine bstslc techniques f ..le pasi, The sequential nnd

quant!tntlve techniques offer partlcularlv useful nflvan-
t nges without troublesome rllsadvantaRes. Rnpid
dep,isinn-maklnfl nnd the ability to track si~a]s,

provided by the secruentlal ‘eehnique, Rnd the nbllity to
Ickntifv shielrllng, prcvided by the quantitative
techniqu?, are long sought-after goals in rndiatlon
monitoring. It is chsirncterlstlc of the new mlcro-
proressor techniques thBt not onlv cnn such methods be

implemented hilt that thev can he Implement ccl in n
sin~le monitoring clrcult.
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